Purpose. To compare the length of hospital stay in patients undergoing primary total knee replacement (TKR) with or without enhanced recovery (ER) programme. Methods. Medical records of 57 and 55 consecutive patients who underwent primary TKR with or without ER programme, respectively, were reviewed. 17 men and 40 women aged 43 to 87 (mean, 70) years with ER programme were compared with 22 men and 33 women aged 53 to 90 (mean, 73) years without ER programme in terms of the preoperative haemoglobin level, American Association of Anesthesiologists (ASA) physical status grading, body mass index (BMI), and length of hospital stay. Results. The length of hospital stay was significantly shorter in the ER than non-ER groups in overall patients (6 vs. 7.8 days, p=0.0003), in patients with preoperative haemoglobin level of ≥14 g/dl (5.4 vs. 7.7 days, p=0.02), in patients with preoperative haemoglobin level of <14 g/dl (6.2 vs. 7.7 days, Journal of Orthopaedic Surgery 2014;22(2):150-4 p=0.02), in patients with ASA grades 1 and 2 (5.6 vs. 7.6 days, p=0.01), in patients with ASA grade 3 (6.4 vs. 8.2 days, p=0.01), in patients with BMI of <30 kg/m 2 (6 vs. 8.1 days, p=0.0061), and in patients with BMI of ≥30 kg/m 2 (5.9 vs. 7.5 days, p=0.0006). Complications were noted in 4 ER patients and 5 non-ER patients. Conclusion. ER programmes are readily transferable to patients undergoing TKR and significantly reduced the length of hospital stay.
adhere to its protocols, and patient expectations and attitude to surgery must be addressed. Therefore, educational programmes for staff and patients are essential. Combined implementation of several interventions improves outcomes. 9 Patient management has evolved considerably with developments in anaesthesia, analgesia, surgical methods, materials, and rehabilitation, 10 as well as economic pressure to improve efficiency. 5 This study compared the length of hospital stay in patients undergoing primary total knee replacement (TKR) with or without ER programme.
MATERIALS AND METHODS
The Department of Clinical Governance of our hospital approved this study. The hospital is state funded, and medical insurance companies have no influence in the management of patients or discharge policies. Medical records of 57 and 55 consecutive patients who underwent primary TKR with and without ER programme, respectively, were reviewed. 17 men and 40 women aged 43 to 87 (mean, 70; standard deviation [SD], 9) years who underwent primary TKR with ER programme between January 2007 and August 2008 were compared with 22 men and 33 women aged 53 to 90 (mean, 73; SD, 7) years who underwent primary TKR without ER programme between November 2004 and November 2006 in terms of the preoperative haemoglobin level, American Association of Anesthesiologists (ASA) physical status grading, body mass index (BMI), and length of hospital stay. The 2 groups were compared using paired Student's t test for independent means. A p value of <0.05 was considered statistically significant.
Enhanced recovery programme
The ER programme involved a multidisciplinary team of surgeons, nurses, physiotherapists, and occupational therapists; patients were active participants. The programme involved preadmission and pre-, intra-, and post-operative interventions in a stepwise manner (Table 1) .
At the initial clinic visit, the programme was outlined to each patient using an information leaflet, and a mini pre-assessment check was carried out to identify those who needed to see an anaesthetist prior to surgery.
At the pre-assessment clinic visit, the key aspects of ER were explained again, and patients underwent the routine pre-assessment protocol. Patients were supplied with nutrition and vitamin supplement drinks (Build-up; Nestle Nutrition) to be taken in the morning of the 2 days prior to hospital admission.
Patients were asked to take 3 sachets of Build-up dissolved in 150 ml of water 2 days before surgery, and 2 sachets one day before surgery.
At the pre-admission visit, patients attended a one-hour class about the ER programme run by the physiotherapists and occupational therapists, and were encouraged to bring a member of their family or a friend for support.
On the evening prior to surgery, patients were admitted and given a high carbohydrate drink consisting of 2 sachets of Preload (Vitaflo) dissolved in 400 ml of water. A further sachet of Preload dissolved in 400 ml of water was given 3 hours before surgery. The high-energy drinks were given irrespective of any comorbidities such as diabetes or high BMI. This high-energy drink minimises the adverse metabolic effects of starvation and reduces the risk of anaesthetic and starvation-induced diabetes, and maintains high energy levels following the operation.
The physiological benefits of managing the metabolic effects of starvation and the traumatic insult of surgery are essential to the ER programme but are new to orthopaedics. 11 The traditional fasting Enhanced recovery programme for total knee replacement
Preadmission interventions
Comprehensive education and involvement of patients, families, and carers from the time of listing for surgery to pre-admission, physiotherapy, and surgery Complete assessment of patients' physical and social needs with planning of provision for the immediate postoperative convalescence and rehabilitation phase with focus on discharge arrangement Preoperative interventions
Calorie loading from 48 hours before surgery Long fasts (6 hours) substituted by preoperative carbohydrate loading and a short fast of only 2 hours Avoidance of pre-medication Intra-operative interventions
No urinary catheter Short-acting anaesthetic agents Emphasis on prevention of nausea, vomiting, and pain Postoperative interventions
Non-opiate and non-steroidal analgesia, avoiding opiates where possible Continued strong emphasis on prevention of nausea and vomiting Early postoperative oral nutrition (starting on day of surgery) Mobilisation pathways with agreed objectives Table 1 Enhanced recovery programme for total knee replacement regimen for 6 hours aims to reduce the incidence of pulmonary aspiration, but there is no scientific support for this practice. 12 Recommendations now suggest fluid intake until 2 hours before the induction of anaesthesia and a 6-hour solid food fast. This reduces preoperative thirst, hunger, anxiety, and postoperative insulin resistance. 13 Preoperative oral intake of carbohydrates also reduces postoperative nausea and vomiting, which hinder postoperative recovery. 14 Operations were performed under spinal or epidural anaesthesia and tourniquet use. Propofol was used for sedation and maintenance of light general anaesthesia to reduce postoperative nausea and vomiting. Short-acting opiates were delivered via a patient-controlled infusion pump to decrease the incidence of opiate toxicity. This was discontinued between days 1 and 2. Paracetamol, codeine, and antiinflammatory analgesia were prescribed routinely. Specific pain scores were not recorded. Accurate fluid resuscitation avoided iatrogenic hyperchloremic acidosis and fluid overload.
Postoperatively, in the recovery room, patients were sat up in bed and allowed oral intake of fluids. Pneumatic intermittent calf compression was used to minimise the risk of deep vein thrombosis. On return to the ward, patients were encouraged to sit up and eat and drink protein-and carbohydrate-rich drinks. Intravenous fluid administration was not used unless absolutely necessary. Patients were given 2 sachets of Build-up drink for nutrition and vitamin supplements in the evening and 3 sachets for each of the next 3 days. This helps maintain normal gut flora, preserve immune function, and optimise wound healing and recovery. 15 In the evening, dedicated physiotherapy was started, and patients were encouraged to sit out of bed in the chair. Enoxaparin (40 mg) was administered subcutaneously during in-patient stay. Early mobilisation reduces the incidence of thromboembolic events. 16 On day 1, wound drains were removed, and urinary catheterisation was avoided. Patients were mobilised with the assistance of the physiotherapist and were encouraged to walk a distance of 50 metres. Patients were discharged when they could walk safely and the wound was deemed satisfactory. There was less insistence on the degree of knee bend and extension. When patients were unable to demonstrate adequate knee bend, an early outpatient therapy (typically one week after discharge) was scheduled.
At discharge, patients were escorted to the hospital exit by a physiotherapist or nurse and taught how to get in and out of a car safely. Wound care was undertaken by a nurse in the community. Patients were followed up by a physiotherapist for 3 weeks to assess early progress and identify any concerns. Patients could contact the hospital for any concerns.
Non-enhanced recovery programme
Patients were admitted on the evening before surgery and were instructed to fast for at least 6 hours before the operation. Spinal or general anaesthesia was used. Wound drains were removed on postoperative day 1. The analgesic regimen was the same as that in the ER programme. Physiotherapy did not start until day 1, and often patients did not mobilise until day 2. Patients were discharged when independent mobility was deemed satisfactory, wound was deemed dry, and 90º knee bend and a straight leg raise were achieved. There was no routine physiotherapy; the physiotherapist only saw patients if they had problems.
results
The ER and non-ER groups were similar in terms of patient age (70 vs. 73 years, p=0.7) and BMI (31.5 vs. 30.9 kg/m 2 , p=0.6). The effects of the preoperative haemoglobin level, ASA physical status grading, and BMI on the length of hospital stay were examined. The length of hospital stay was significantly shorter in the ER than non-ER groups in overall patients (6 vs. 7.8 days, p=0.0003), in patients with a preoperative haemoglobin level of ≥14 g/dl (5.4 vs. 7.7 days, p=0.02), in patients with a preoperative haemoglobin level of <14 g/dl (6.2 vs. 7.7 days, p=0.02), in patients with ASA grades 1 and 2 (5.6 vs. 7.6 days, p=0.01), in patients with ASA grade 3 (6.4 vs. 8.2 days, p=0.01), in patients with BMI of <30 kg/m 2 (6 vs. 8.1 days, p=0.0061), and in patients with BMI of ≥30 kg/m 2 (5.9 vs. 7.5 days, p=0.0006) [ Table 2 ]. The difference was also significant when comparing patients in the ER group with a preoperative haemoglobin level of <14 g/dl with patients in the non-ER group with a preoperative haemoglobin level of ≥14 g/dl (6.2 vs. 7.7 days, p=0.03), and when comparing patients in the ER group with BMI of ≥30 kg/m 2 with patients in the non-ER group with BMI of <30 kg/m 2 (5.9 vs. 8.1 days, p=0.0061). Patients with BMI of ≥30 kg/m 2 are deemed obese, 17 and have a higher morbidity from anaesthesia and surgery (e.g. airway management, postoperative mobilisation, increased wound problems, and infection). 18, 19 Complications were noted in 4 ER patients and 5 non-ER patients. Of the 4 ER patients, one had deep vein thrombosis leading to pulmonary embolism on day 3; one had a leg blister on day 7; one patient had hallucinations after tramadol administration on day 9, which was resolved after discontinuation; and one required readmission for suturing of wound dehiscence after a fall at home 26 days after the operation. Of the 5 non-ER patients, one receiving warfarin had haematemesis on day 2; one had chest infection on day 3; one had cellulitis on day 3; one had superficial infection on day 4, which was resolved with oral antibiotics; and one had a small haematoma near the knee on day 5, which was resolved with aspiration.
discussion
ER programmes reduce the length of hospital stay by reducing the surgical stress response and metabolic insult and by optimising nutritional status and peri-operative pain. 4, 20 Early mobilisation was also promoted. Increased length of hospital stay is often attributed to patient factors including increased BMI, co-morbidities, and age. 21 In TKR patients aged over 75 years, those with a higher preoperative haemoglobin level had a shorter length of hospital stay. 22 The same is true when comparing patients with a haemoglobin level of ≥14 g/dl with those with a haemoglobin level of <12 g/dl (median, 5 [range, [4] [5] [6] [7] vs. 6 [range, 4-10] days), but patients hospitalised for longer than 10 days (for any reason) were excluded. 23 Our study also suggested that ER programmes aided postoperative recovery and enabled earlier discharge.
The ASA grading is used to estimate operative risk and correlates well with surgical and anaesthetic mortality and morbidity. 21, [24] [25] [26] [27] [28] According to the Hvidovre Fast Track Protocol in total hip and knee replacement surgery, patients with an ASA grade of 1 or 2 were more likely to stay in the hospital for <3 days than patients with an ASA grade 3. 20 Our study confirmed that the length of hospital stay for patients with ASA grade 3 in the ER group reduced by over 20% compared with patients with ASA grade 1 or 2 in the non-ER group. BMI correlates with total body fat. 29 Obesity is defined as BMI of ≥30 kg/m 2 . 17 Higher BMI correlates with longer length of hospital stay in TKR patients. 30 However, other studies have reported no significant difference. 31 In our study, the ER programme resulted in a median of 29% reduction in the length of hospital stay in TKR patients. The ER programme also benefited less healthy or obese patients without affecting the complication or readmission rates. For the ER programme to be effective, patients should be actively involved throughout the perioperative period. In addition, the total demand on physiotherapy services by patients fell by 40%. conclusion ER programmes are readily transferable to patients undergoing TKR and significantly reduced the length of hospital stay.
disclosure
No conflicts of interest were declared by the authors. 
